We investigated IgG, IgA and IgM class specific antibodies to five bacterial (Klebsiella pneumoniae, Escherichia coli, Salmonella enteritidis, Salmonella typhimurium and Shigella flexneri) lipopolysaccharides (LPS) by enzyme-linked immunosorbent assay in 144 Japanese patients with ankylosing spondylitis (AS). AS patients had significantly elevated IgA antibodies to K. pneumoniae LPS, Salmonella enteritidis LPS and Salmonella typhimurium LPS; however, there was no correlation between antibody level to LPS and acute-phase reactants, erythrocyte sedimentation rate and serum C-reactive protein.
T relationship between ankylosing spondylitis (AS) and enterobacteria, especially Klebsiella pneumoniae, has been reported from several groups in several countries [1] . Recently, increased levels of antibodies against K. pneumoniae lipopolysaccharide (LPS), which is one of the components of Gram-negative bacterial cell wall, were observed in AS patients in Finland, and LPS was suspected to play an important role in the pathogenesis of AS [2] .
The present study was undertaken to investigate whether significant elevation of antibody is seen against bacterial LPS in patients with AS from Japan by enzyme-linked immunosorbent assay (ELISA).
PATIENTS AND METHODS

Patients and controls
The subjects were 144 Japanese patients: 56 AS patients [50 males/six females; mean age 42 yr old (range 20-69); mean erythrocyte sedimentation rate (ESR) 28.2 mm/h (.. 2 2.9) and mean C-reactive protein (CRP) 13 [3] and RA according to the American Rheumatism Association criteria [4] . All AS patients except one were HLA-B27 positive and all RA patients were B27 negative. The control sera, that were not tissue typed, were supplied by the Red Cross Blood Centre, Otsu, Japan.
Methods
The following five purified bacterial LPS from different species were used: (1) K. pneumoniae, that were isolated from ATCC strain 15380; (2) Escherichia coli, serotype 055:B5; (3) Salmonella enteritidis; (4) Salmonella typhimurium; (5) Shigella flexneri, serotype 1A (Sigma Chemical Co., USA). All LPS had been chromatographically purified by gel filtration.
The ELISA assay was carried out as follows; a 96-well typed polystyrene microtitre plate (Falcon 3915, Beckton Dickinson Co., USA) was coated with bacterial LPS as indicated above, diluted in 5 mg/ml of phosphate-buffered saline (PBS; 0.15 , pH 7.4) overnight at 37°C. After absorption and washing with PBS three times, the plates were saturated with 5% bovine serum albumin (BSA)-PBS to block non-specific binding and incubated for 2 h at room temperature. After the blocking solution was removed by washing the plates with 0.5% BSA-PBS, patients' serum samples, as the first antibodies, diluted 1/200 in 1% BSA-PBS were added to the plates, each sample in duplicate. After the plates were incubated for 2 h at 37°C and rinsed with 0.5% BSA-PBS, peroxidaseconjugated rabbit anti-human class specific IgG, IgA and IgM (Dako A/S, Denmark), diluted 1/500 in 1% BSA-PBS, were added to the second antibodies and were incubated for 2 h at 37°C. After washing with PBS, 0.5 mg/ml o-phenylenediamine dihydrochloride (Sigma) in citrate/phosphate buffer (pH 5.0) was added. Development of the plates took place at room temperature in the dark for 10 min. Finally, 1  H 2 SO 4 was added to the plates as a stopping solution and the optical density (OD) was measured at a wavelength of 492 nm. All results were expressed as OD 2 .. All assays were carried out under coded conditions, so that the status of each serum sample under investigation was not known to the tester. and bacterial infections has been explained by cross-reactivity and molecular similarity in amino acid sequence between HLA-B27 and bacterial proteins. Schwimmbeck et al. [7] reported homology and cross-reactivity between HLA-B*2750 and K. pneumoniae nitrogenase (QTDRED). Recently, a further sequence homology between HLA-B*2750 (DRED) and terminal secretion protein of the pullulanase enzyme system, pulD (DRDE), has been identified, and the second homology between pulA (pullulanase) enzyme and type I, III and IV collagen (Gly-X-Pro) has also been suggested [8] . Elevation of antibody levels against the pulD synthetic peptide and collagen type IV in Japanese AS patients has been demonstrated [9, 10] . In addition, other antigens in bacterial cell wall, the membrane protein and the LPS, have also been studied in AS patients; however, structural similarity between these components of the cell wall and HLA-B27 has not been indicated [2, 11] . Ma¨ki-Ikola et al. [2] reported that patients with AS in the active phase had elevated serum antibody levels to K. pneumoniae LPS as measured by ELISA assays, which is in agreement with part of our findings. Furthermore, we suggested the increase of antibodies to Salmonella LPS. The significant elevation of antibodies to S. typhi antigen O, which is a part of the LPS, has also been described in AS patients from Spain [12] . However, antibodies against yersiniae, salmonellae and K. pneumoniae were increased in HLA-B27-positive healthy individuals [13] . The healthy control sera used in this study might be almost HLA-B27 negative because the frequency of HLA-B27 is very low (0.41%) in the Japanese general population [14] . Bacteria have several antigens, one of which is LPS. Our findings suggested a relationship between specific bacterial infection and AS or HLA-B27, but could not prove that LPS are directly responsible for the disease activity in AS because there was no relationship between antibody level and the acute-phase reactant, ESR or CRP, in our study.
Further longitudinal studies will be required to assess whether antibody levels against LPS correlate with the acute-phase reactants. Statistical analysis Data were analysed using Student's t-test and correlation coefficient (r).
A
RESULTS
All results are shown in Table I . The AS patients had significantly elevated IgA antibodies to K. pneumoniae LPS (t = 2.36, P Q 0.05), S. enteritidis LPS (t = 2.34, P Q 0.05) and S. typhimurium LPS (t = 3.12, P Q 0.005) when compared to controls. No elevation in any class of antibody was seen against E. coli LPS or S. flexneri LPS. Moreover, in AS patients, there was a significant elevation in IgA antibodies against S. enteritidis LPS (t = 2.77, P Q 0.01) and S. typhimurium LPS (t = 3.35, P Q 0.005) compared to RA patients, but no significant elevation in IgA antibodies against K. pneumoniae LPS (t = 1.04, NS). There was no elevation of antibodies against any LPS in RA patients, and there was no significant difference in any antibody level against LPS between male and female controls.
In AS patients, there was no significant correlation between IgA antibody levels against LPS and the acute-phase reactants, ESR or serum CRP (K. 
DISCUSSION
The pathogenesis of AS is closely associated with HLA-B27 [5, 6] , and the relationship between AS
